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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE TRADEMARK TRIAL AND APPEAL BOARD  

 
In the Matter of Registration Nos. 2985751; and 3394514 
 
Dated: August 16, 2005 & March 11, 2008, Respectively 
___________________________________   
Thomas Sköld, )  
 Petitioner )  
  ) 
 v. ) 
  )      Cancellation No. 92052897  
Galderma Laboratories, Inc., ) 

Registrant ) 
___________________________________ )  
 
 

 
SKÖLD NOTICE OF RELIANCE 

 
Pursuant to Section 704 of the TTAB Manual of Procedure, Petitioner submits 

herewith, and intends to rely upon, the documents listed below. 

Submitted Under §704.08 TTAB Manual of Procedure – Printed Publications 

Exhibit 
T63  

Sep. 14, 2010 Press Release from Galderma on Cetaphil Restoraderm. The 
document is particularly relevant in the two headers (“Cetaphil® Brand 
Launches Cetaphil® Restoraderm®…”, and “Introducing Cetaphil® 
Restoraderm®…”), the September 14, 2010 date that can be determined 
from the first line after the headers and the copyright notice on the second 
page, and the copyright notice identifying Registrant as the author. The 
document is relevant to understanding Registrant’s motivation for violating 
its obligation to return the Restoraderm asset to Petitioner 

Exhibit 
T131 

Feb. 12, 2002 Press Release from Collagenex on “Restoraderm drug 
delivery technology” as published by Business Wire. The Press Release is 
particularly relevant in its clear sourcing from Petitioner and in its first four 
paragraphs, which read (emphasis added): 
 

“NEWTOWN, Pa., Feb 12, 2002 (BUSINESS WIRE) -- CollaGenex 
Pharmaceuticals, Inc. (NASDAQ:CGPI) today announced that it has 
licensed a novel dermal and transdermal drug delivery technology 
from its inventor. The technology, named Restoraderm(TM), is 
designed to enhance the dermal delivery of a variety of active 
ingredients and will form the basis for a novel, proprietary and 
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differentiated portfolio of topical dermatological pharmaceuticals.  
 
“The technology is based on the ability of certain lipid compositions to 
enhance the natural skin barrier and facilitate the dermal and 
transdermal delivery of known active ingredients. The Restoraderm 
technology is currently still under development, and CollaGenex 
anticipates that the first products to be developed using the technology 
will be available in late 2002.  
 
“In exchange for the rights to the technology, CollaGenex will pay the 
inventor milestone fees upon the achievement of certain objectives as 
well as royalties on future sales of products based on the technology.  
 
“ ‘The licensing of the Restoraderm drug delivery technology is an 
important element of our strategy to build a diversified portfolio of 
products for the dermatology market,’ noted Brian M. Gallagher, PhD, 
chairman, president and chief executive officer of CollaGenex. ‘We 
anticipate that our future business in dermatology will include three key 
elements. Our first sales in this area will come from established, 
under-promoted products that we in-license, and we expect to 
complete the first of these agreements in the near future. The second 
key business element will be composed of dermatology products 
based on the Restoraderm technology, the first of which we hope to 
launch later this year. * * * ’”  

 
The document is particularly relevant in that Registrant admits that the 
technology it licensed from Petitioner is one and the same as what it 
referred to as “Restoraderm”, and hence that the “Restoraderm” mark is 
most clearly part of the goodwill relating to the “Restoraderm Intellectual 
Property” (which includes know-how) as set forth in the 2004 Asset 
Purchase and Product Development Agreement . The Registrant further 
admits that the technology is licensed. 
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Exhibit 
T144 

pp. 1-3, 5-6 and 10 of the meeting program of the American Contact 
Dermatitis Society, 16th Annual Meeting, February 17, 2005 (New Orleans, 
LA)(avail. at http://www.contactderm.org/files/public/programbook2005.pdf).
The meeting program includes the abstract of a Fowler et al. poster entitled 
“A Comparator Study of an Adjunctive Dermal Lipid Replacement Foam 
(Restoraderm®) in the Management of Refractory Hand Contact 
Dermatitis.” The Abstract is particularly relevant in noting that the research 
was sponsored by Registrant, and in using the term “Restoraderm” to 
describe a technology that is “composed of an exclusive non-alcohol, 
water-based formulation of lipids that mimics the body’s own natural skin 
barrier system. It contains ceramides, cholesterol, palmitic acid and two 
biologic precursors, mevalonic acid and hydroxycholecalciferol.” This 
description is consistent with the technology described in US Pat. No. 
8,029,810, which is the Restoraderm technology licensed to Registrant 
(see, e.g., Col. 2, lines 20-24; Col. 3, lines 24-27).  

T151 A web page obtained at http://business.highbeam.com/industry-
reports/equipment/electron-tubes on 10 May 2013, as a first page result of 
a Google search of "size of the vacuum tube market". The relevance is to 
assist in distinguishing the cited case law: Westrex Corp. v. New Sensor 
Corp., 83 U.S.P.Q.2d 1215, 1217 (T.T.A.B. 2007). The particularly relevant 
text is found in the 4th paragraph on p. 1 and reads "U.S. Census data, the 
[electron tube] industry shipped $1.05 billion in electron tubes and tube 
parts in 2009 followed by $1.2 billion in 2010." 

T152 A web page obtained at http://en.wikipedia.org/wiki/Tube_sound. The 
relevance is to assist in distinguishing the cited case law: Westrex Corp. v. 
New Sensor Corp., 83 U.S.P.Q.2d 1215, 1217 (T.T.A.B. 2007). The 
particularly relevant text is in the first paragraph reciting “Tube amplifiers 
have retained a loyal following amongst some audiophiles and musicians.” 

T153 A web page obtained at 
http://hometheater.about.com/od/vacuumtubeaudio/a/vacuumtubeaudio.ht
m. The particularly relevance is to assist in distinguishing the cited case 
law: Westrex Corp. v. New Sensor Corp., 83 U.S.P.Q.2d 1215, 1217 
(T.T.A.B. 2007). The most relevant text is in the 2nd and 3rd paragraphs 
noting the demand for vacuum tubes, and the numerous manufacturers of 
vacuum tube audio equipment. 

 

Submitted Under §704.07 TTAB Manual of  Procedure – Official Records 

Exhibit 
T129 

Collagenex Form 10-K for the fiscal year ended December 31, 2001, p. 17 
(from www.sec.gov/Archives/edgar/data/1012270/000090310002000094/ 
form10k_123101.txt). In this official record available from the Securities and 
Exchange Commissions EDGAR database, Respondent states (emphasis 
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added): 
 

“In February 2002 we announced that we had licensed a dermal and 
transdermal drug delivery technology, named Restoraderm(TM), from  
its inventor. Restoraderm is designed to enhance the dermal  delivery 
of a  variety of active  ingredients and  we  intend  that it  will  form  the  
basis  for  a  portfolio  of  topical dermatological pharmaceuticals. 
 
“The  Restoraderm  technology is  based on the  ability  of  certain  
lipid compositions  to enhance the natural skin barrier and  facilitate the 
dermal and transdermal delivery of known active ingredients.  The 
Restoraderm technology is currently still under development,  and we 
anticipate that the first products to be developed  using the  technology  
will be available in late 2002. In exchange for the rights to the 
technology,  we will pay the inventor  milestone fees upon the  
achievement  of certain  objectives as well as royalties on future sales 
of products based on the technology.” 

 
The document is particularly relevant in that Registrant admits that the 
technology it licensed from Petitioner is one and the same as what it 
referred to as “Restoraderm”, and hence that the “Restoraderm” mark is 
most clearly part of the goodwill relating to the “Restoraderm Intellectual 
Property” (which includes know-how) as set forth in the 2004 Asset 
Purchase and Product Development Agreement . The Registrant further 
admits that the technology is licensed. 

Exhibit 
T130 

U.S. Patent 8,029,810, resulting from the patent Petitioner filed in 
collaboration with Collagenex to cover Restoraderm technology. The patent 
is particularly relevant to understanding the asset which Registrant was 
obligated to return to Petitioner pursuant to the 2004 Asset Purchase and 
Product Development Agreement. 

 

Submitted Under §704.11 TTAB Manual of Procedure – Interrogatory Answers; 
Admissions 
 
Exhibit 
T154 

Registrant’s Supplemental Response to Petitioner Sköld’s First Request for 
Admissions. The particularly relevant portion is Registrant’s admissions 
(Nos. 1 – 3) on lack of use of “Restoraderm” in early 2002 and in 2001. 

Exhibit 
T155 

Registrant’s Supplemental Response to Petitioner Sköld’s First and Second 
Sets of Interrogatories and Requests for Production of Documents and 
Things. The particularly relevant portion is the response to Interrogatory No. 
6, noting use of the mark in commerce only as early as May 27, 2005. 
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American Contact 
Dermatitis Society 
 
Excellence in Occupational & Contact Dermatitis Research, 
Practice & Education 
 
 
 
 
 

ABSTRACTS 
 

American Contact Dermatitis Society 
 

16th Annual Meeting 
February 17, 2005 

 
Hilton New Orleans Riverside 

New Orleans, LA 
 
 
 

Visit ACDS at www.contactderm.org 
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        2005 Sponsors 
 
The American Contact Dermatitis Society wishes  
to thank those organizations listed below for their  
support of the society’s educational programs in 2005. 
 

Platinum Level 
‚ Connetics Corporation 
‚ Cosmetic, Toiletry & Fragrance Association 
 
Gold Level 
‚ Allerderm Laboratories 
‚ CollaGenex 
‚ Ferndale 
‚ Fujisawa Health Care, Inc. 
‚ Novartis 
‚ Procter & Gamble 
 
Silver Level 
‚ Dormer/Chemotechniques 
‚ Mary Kay 
‚ Pharmaceutical Specialties 
 
Patrons 
‚ Biersdorf 
‚ Galderma 
‚ Neutrogena 
‚ Summer Labs 
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Schedule of Events 
 
 
 

 
7:00 AM Registration Open     Grand Ballroom B 
 
7:30 AM ACDS Breakfast Symposium    Grand Salon 15/18 

David Cohen, MD:  Therapies for Facial Dermatitis 
Sponsored by CollaGenex 
 

8:30 AM Welcome to the 16 th ACDS Annual Meetin g Grand Ballroom B 
  Anthony Gaspari, MD , ACDS President 
  Bruce Brod, MD , ACDS Annual Meeting Committee Chair 
  
8:35 AM General Session  

Linda Moreau,  MD, FRCP:  Allergic Contact Dermatitis Associated with Reactive 
Dyes in a Dark Garment: A Case Report* 

8:45 AM Kim Eickhorst, MD:  Rue the Herb: Ruta Graveolens Associated 
Phytophototoxicity* 

8:55 AM Denise Aaron, MD:  Burden and Bother of Dermatitis in Patients Referred to a 
NACDG Center for Patch Testing* 

9:05 AM Giuseppe Militello, MD:  The Utility of the TRUE Test in a Private Practice 
Setting* 

9:15 AM Anna A. Bar, MD:  Antigenicity of Patch Test Allergens Over Time* 
9:25 AM Krista Shackelford, MD:  Adverse Events from Patch Testing: A Case  
  Report of Pemphigus Foliaceous and Epidermal Detachment* 
9:35 AM Divya Srivastava, MD:  Identification of the Constituents of Balsam of 

Peru in Tomatoes* 
9:45 AM Mary Sheu, MD:  Allergic Contact Dermatitis from Tom's of Maine Natural  
  Deodorant: A Report of 4 Cases Associated with Lichen Acid Mix Allergy* 
9:55 AM Golara Honari, MD:  The Utility of Patch Testing with Topical 

 Medicaments as an Adjunct to Standard Screening Panels* 
10:05 AM Dan Slodownik, MD:  Allergic Contact Cheilitis and Stomatitis to  
  Toothpastes in Israeli Patients* ** 
10:15 AM Peter C. Schalock, MD:  Efficacy and Patient Perception of Grenz Ray 

Therapy in the Treatment of Dermatoses Refractory to Other Medical Therapy* 
10:25 AM Samara Mimesh, MD:  ACD to Corticosteroids: Reproducibility of Patch  
  Testing and Correlation with Intradermal Testing* 
 
10:35 AM Break/Exhibits/Posters   Grand Salon 10/7 
  Posters in Grand Salon 10/7  
 
11:00 AM James Yiannias, MD:  Update on ACDS Databases. 
 
 
 
 
* Candidates for the Alexander A. Fisher Resident Award. 
** Howard I. Maibach International Travel Award recipient. 
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11:05 AM Occupational Dermatology Symposium :  

The Donald J. Birmingham Occupational Skin Diseases Symposium is supported 
by the National Occupation Research Agenda (NORA).  

  Moderated by Boris Lushniak, MD 
 

11:05 AM D Linn Holness, MD:  Dermatologist Occupational Disease Practice Survey 
11:15 AM Linda Moreau,  MD, FRCP:  Occupational Allergic Contact Dermatitis  
  From Triphenyl Phosphite* 
11:25 AM Curtis P. Hamann, MD:  Prevalence of Latex Allergy in Dental  
  Professionals in Japan and the United States 
11:35:00 AM Albert Wolkerstorfer, MD:  Unexpected Exposure to Nickel in Electroplating 
11:45:00 AM Malin Frick, MD:  Poor Correlation Between Stated and Found Conctrations of 

Isocyanates in Patch-Test Preparations 
11:55:00 AM Alexander Zemtsov,  M.D., MSC:  Occupational Allergic Contact Dermatitis from 

Sodium Lauroyl Sarcosinate in the Liquid Soap 
 

12:05 PM ACDS Roundtable Lunch   Grand Salon 15/18 
Sponsored by Allerderm  

 

1:30 AM General Session  
Ronald Brancaccio, MD and David Cohen, MD:  Remembering Alexander 
Fisher 
 

1:40 AM Alexander Fisher Lecture  
Melanie Pratt, MD:  The Role of Mentoring in the Field of Contact  
Dermatitis 
 

2:30 AM ACDS Awards  
 

2:45 PM Douglas L. Powell, MD:  Cutaneous Reactions to Silicone 
2:55 PM Klaus-Peter Wilhelm, MD:  Proclivity to Cumulative Skin Irritation: Dependence 

Upon Age and Sex 
 

3:05 PM Break/Posters/Exhibits  
  Posters in Grand Salon 10/7 
  
3:35 PM Mark Davis, MD:  Back to Basics: In Calculating Patch Test Reactions, Should 

Macular Erythema and Lesser Reactions be Included? 
3:45 PM Vinod Kumar Sharma, MD:  Evolution of Clinical Pattern of Parthenium 

Dermatitis: A Study of 74 Cases** 
3:55 PM Susanne Astner, MD:  In-vivo confocal microscopy of contact dermatitis 
4:05 PM Cecilia Svedman, MD:  Contact Allergy to Metals After Percutaneous 

Transluminal Coronary Angioplasty (PTCA) and Stenting** 
4:15 PM Mark Davis, MD:  Patch Testing to the Dust Mite (Dermatophagoides Mix 0.1%): 

High Rate of Reaction in Both Atopic and Nonatopic Patients 
4:25 PM Rochelle R. Torgerson, MD, PhD:  Contact Sensitivities in Oral Disease 
 

4:35 PM ACDS Business Meeting  
 

5:00 PM Cocktail Reception    Jasperwood 
  Sponsored by Ferndale Laboratories 

 
* Candidates for the Alexander A. Fisher Resident Award. 
** Howard I. Maibach International Travel Award recipient. 
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37 
 

Mark Davis, MD Patch Testing to the Dust Mite (Dermatophagoides Mix 
0.1%): High Rate of Reaction in Both Atopic and Nonatopic 
Patients 

38 Rochelle Torgerson, MD, 
PhD 

Contact Sensitivities in Oral Disease 

 

Abstracts: Posters 

39 Tove Agner, MD Short-term effects of alcohol-based disinfectant and 
detergent on skin irritation 

40 Susun An Influence of vehicles on the induction of skin irritation 
41 Sachin Bhardwaj, MD A Double-blind, Randomized, Placebo-Controlled Trial 

Comparing Topical Immunomodulating Agents and 
Corticosteroids for Treatment of Experimentally 
Induced 

42 Normita Chua-Vivar, 
MD 

Moringa Oleifera Leaf Extract as Active Antibacterial 
Property in a Bar Soap: A Randomized, Double-Blind, 
Pacebo-Controlled Trial 

43 Mark Davis, MD Delayed Readings of Patch Test Reactions to Topical 
Corticosteroids: Low Yield 

44 
 

Joseph Fowler MD A Comparator Study of an Adjunctive Dermal Lipid 
Replacement Foam (Restoraderm ® in the 
Management of Refractory Hand Contact Dermatitis 

45 Marcos Hervella, MD Paraben "Para-" Doxes 
46 Soogan Celeste Lalla, 

MD 
Patch Testing in Children with Dermatitis 

47 Eunyoung Lee A Study of Influencing Factors for Sensory Irritation 
Due to Preservatives of Cosmetics 

48 Meltem Onder, MD Common Contact Sensitizers in Ankara, Turkey: A 
Study of 1585 Patients with the European Standard 
Series 

49 Mario C. Pires, MD Contact Dermatitis to Latanoprost 
50 Mario C. Pires, MD Contact Dermatitis in Children 
51 Erik Zimerson, MD Photoallergic Contact Dermatitis from Ketoprofen in 

Southern Sweden 
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A COMPARATOR STUDY OF AN ADJUNCTIVE DERMAL 
LIPID REPLACEMENT FOAM (RESTORADERM®) IN THE 
MANAGEMENT OF REFRACTORY HAND CONTACT 
DERMATITIS  
 
Fowler JF, Perryman JH; U. of Louisville, Louisville, KY. 
 
Background:  Dermatitis (irritant, allergic, or both) is the most common 
occupational skin disease.  Although many “barrier creams” with high 
concentrations of petrolatum are sold, none have shown consistent 
effectiveness. 
Restoraderm is composed of an exclusive non-alcohol, water-based 
formulation of lipids that mimics the body’s own natural skin barrier system.  It 
contains ceramides, cholesterol, palmitic acid and two biologic precursors, 
mevalonic acid and hydroxycholecalciferol.  It does not contain petrolatum, 
and is a non-greasy formulation.  Many occupational hand dermatitis patients, 
find it difficult to work when using a product with petrolatum as it’s greasy 
residue can negatively affect grip and impair the protection of latex gloves.   
Objective : To measure the effectiveness of Restoraderm in reducing or 
eliminating chronic hand contact dermatitis.  The primary endpoints were 
mean percent change from baseline in the Clinician’s Global Assessment 
Score and mean change in frequency of topical steroid use. 
Methods:  Thirty-one patients were randomized to receive either 
Restoraderm or a comparator (ointment or lotion) at the baseline visit. Each 
patient received Restoraderm for a 3 week period followed by comparator or 
vice versa.  There was a two week wash out between study phases. 
Results: Restoraderm proved to be effective in reducing or eliminating 
chronic hand contact dermatitis caused by occupational exposures. It was 
preferred by patients over the comparators.  The non-greasy foam 
formulation of Restoraderm may contribute to compliance, ease of use, and 
patient satisfaction in patients with chronic hand dermatitis. 
 
This study was supported by an unrestricted grant from CollaGenex Inc.  
 
 
Notes:              
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crrnkecvkqpu"dgecwug"qh"vjgkt"ghhkekgpe{"cu"ygnn"cu"vjgkt"cdknkv{"vq"jcpfng"jkij"ngxgnu"qh"rqygt"qt
ewttgpv"cv"igpgtcnn{"nqy"htgswgpe{"ngxgnu0"Rtqfwev"v{rgu"kpenwfgf"fkqfgu."tgevkhkgtu."eqpvtqn/v{rg
kpfwuvtkcn"vtkqfgu."j{ftqigp"cpf"pqp/j{ftqigp"vj{tcvqpu."cpf"qvjgt"icu"cpf"xcrqt"vwdgu0"Jkij/rqygt
vwdgu"ygtg"cnuq"wugf"kp"dtqcfecuvkpi"vtcpuokvvgtu0"Xcewwo"vwdgu."qpeg"vjg"rtkoct{"gngogpv"kp
gngevtkecn"ektewkvu."ygtg"ockpn{"wugf"kp"crrnkecvkqpu"yjgtg"nqy"pqkug"cpf"jkij"htgswgpe{"ygtg
kpxqnxgf0

Dcemitqwpf"cpf"Fgxgnqrogpv
Gngevtqp"vwdgu"ygtg"vjg"rtkpekrcn"eqorqpgpvu"qh"cnoquv"cnn"gngevtqpke"ektewkvu"cpf"gswkrogpv"wpvkn
ugokeqpfwevqtu"ygtg"fgxgnqrgf"cpf"dgicp"vq"tgrnceg"vjgo"kp"vjg"ncvg"3;62u"cpf"3;72u0"Vjg"hktuv
crrnkecvkqp"qh"ETV"vgejpqnqi{"ycu"hqt"cp"queknnqueqrg"kp"3:;9."cpf"vjg"hktuv"vgngxkukqp"wukpi"c"ETV
ycu"fgxgnqrgf"kp"vjg"ncvg"3;42u0"Eqoogtekcn"rtqfwevkqp"qh"oqpqejtqog"vgngxkukqp"rkevwtg"vwdgu
dgicp"kp"vjg"ncvg"3;62u0"Chvgt"Yqtnf"Yct"KK."W0U0"gngevtqp"vwdg"ocpwhcevwtgtu"hqwpf"c"fkxgtug"cpf
nwetcvkxg"octmgv"kp"fghgpug"crrnkecvkqpu."tcpikpi"htqo"tcfct"vq"eqoowpkecvkqp"cpf"eqpvtqn
gswkrogpv0

D{"vjg"okf/3;;2u."vjg"hcuvguv/itqykpi"ugiogpv"qh"vjg"VX"rkevwtg"vwdg"octmgv"ycu"dki/uetggp"VXu
vjcv"rtqxkfgf"htqo"53"vq"7:"kpejgu"qh"xkgycdng"uetggp"kocig0"Fgurkvg"vjg"hcev"vjcv"d{"vjg"okf/3;;2u
pgctn{"gxgt{"W0U0"jqog"jcf"cv"ngcuv"qpg"VX."vjgtg"ygtg"440;"oknnkqp"fktgev/xkgy"VXu"uqnf"kp"3;;;0"Kp
3;;6"oqtg"vjcp"48"oknnkqp"eqnqt"VXu"ygtg"uqnf"kp"vjg"Wpkvgf"Uvcvgu0"Urwttgf"qp"d{"fgocpf"vjcv"ycu
rtqlgevgf"vq"tgcej"&42"dknnkqp"d{"vjg"vwtp"qh"vjg"egpvwt{."kpfwuvt{"hktou"ocfg"ukipkhkecpv"uvtkfgu"kp
kortqxkpi"vjg"ETV)u"tguqnwvkqp."dtknnkcpeg."uk¦g."gpgti{"wucig."cpf"equv0"Vgngxkukqp"vwdgu"cpf
eqorwvgt"oqpkvqtu"dgecog"hncvvgt"cpf"dkiigt"cu"vjg"uvcpfctf"36/kpej"RE"oqpkvqt."hqt"gzcorng."icxg
yc{"vq"39/"cpf"gxgp"42/kpej"oqfgnu="fkikvcn"ektewkvu"ygtg"wugf"vq"gpjcpeg"rkevwtg"swcnkv{="cpf
cfxcpegu"kp"pqp/gngevtqp"vwdg"vgejpqnqi{"ygtg"fgxgnqrgf"uq"swkemn{"vjcv"vjg"ETV"kvugnh"uggogf
fguvkpgf"hqt"qpn{"pkejg"wugu"kp"urgekcnk¦gf"crrnkecvkqpu0

Kp"vjg"3;;2u"vjg"ETV"ugevqt"qh"vjg"gngevtqp"vwdg"kpfwuvt{"eqpvkpwgf"vq"guvcdnkuj"kvugnh"cu"vjg"ugevqt)u
rtkoct{"tgxgpwg"ocejkpg0"Fgurkvg"c"ftqr"kp"iqxgtpogpv"urgpfkpi"hqt"oknkvct{/tgncvgf"ETV"fkurnc{
vgejpqnqikgu."vjg"eqpuwogt"eqorwvgt"ETV"cpf"vgngxkukqp"vwdg"octmgvu"rtqxkfgf"oqtg"vjcp"gpqwij
fgocpf"vq"hwgn"vjg"kpfwuvt{)u"eqpvkpwgf"itqyvj0"Dgvyggp"3;;6"cpf"3;;;."vjg"xcnwg"qh"RE"u{uvgo
ucngu."yjkej"kpenwfgf"c"ETV"oqpkvqt."itgy"cnoquv"99"rgtegpv0"Eqpewttgpv"gzrcpukqp"qeewttgf"kp"vjg
pwodgt"qh"u{uvgou"uqnf."yjkej"kpetgcugf"qxgt"vjg"ucog"rgtkqf"d{"343"rgtegpv0"C"vqvcn"qh";207
oknnkqp"ETVu"ygtg"uqnf"kp"3;;:."igpgtcvkpi"c"&3904"dknnkqp"octmgv"ujctg"qh"vjg"gngevtqp"vwdg"kpfwuvt{0

Kp"vjg"ncvg"3;;2u."vjg"dcvvng"dgvyggp"vjg"eqorwvgt"ETV"cpf"vjg"hncv"rcpgn"fkurnc{"*HRF+"kpvgpukhkgf0
Fgxgnqrgf"kp"vjg"Wpkvgf"Uvcvgu."dwv"ncvgt"eq/qrvgf"d{"Lcrcpgug"hktou."vjg"HRF"gpeqorcuugf
ugxgtcn"fkurnc{"vgejpqnqikgu."htqo"cevkxg"cpf"rcuukxg"ocvtkz"NEFu"vq"hkgnf"gokuukqp."oketqokttqt.
fkcoqpf"gokuukqp."cpf"pgqp/"qt"zgpqp/dcugf"icu"rncuoc"fkurnc{u0"D{"vjg"ncvg"3;;2u."HRF
ocpwhcevwtgtu"jcf"qxgteqog"jwtfngu"kp"HRF"fgukip"eqorngzkv{"cpf"uwdugswgpv"jkij"equv"cpf"vjg
vgejpqnqi{)u"jkij"rqygt"tgswktgogpvu0"Cv"qpg"vkog."vjg"qpn{"ETV"octmgvu"koogfkcvgn{"vjtgcvgpgf
d{"HRFu"ygtg"rqkpv/qh/ucng"vgtokpcnu."ogfkecn"kocikpi"crrnkecvkqpu."cpf"fkurnc{u"hqt"kpuvtwogpvcvkqp
cpf"hcevqt{"cwvqocvkqp0"Jqygxgt."cv"vjg"gpf"qh"vjg"vygpvkgvj"egpvwt{."ocpwhcevwtgtu"jcf"dtqmgp"qwv
qh"vjg"ncrvqr"cpf"cxkqpkeu"fkurnc{"octmgvu"kpvq"vjg"vgngxkukqp"vwdg"cpf"RE"oqpkvqt"octmgvu"vjcv
eqortkugf"vjg"gngevtqp"vwdg)u"jqog"vwth0

HRF"vgejpqnqi{"dgicp"vq"dg"crrnkgf"kp"c"ykfg"xctkgv{"qh"yc{u"cv"vjg"gpf"qh"vjg"3;;2u0"Ceeqtfkpi"vq
vjg"W0U0"Fkurnc{"Eqpuqtvkwo."kppqxcvkxg"wugu"kpenwfgf"cpcn{vkecn"gswkrogpv."eqphgtgpeg"tqqo
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gswkrogpv."octkpg"kpuvtwogpvu."jcpf/jgnf"fgxkegu."gngevtqpke"dqqmu."rcuugpigt"gpvgtvckpogpv
u{uvgou."cpf"jqog"crrnkcpegu0"Ewvvkpi/gfig"vgejpqnqi{"cnuq"kpenwfgf"hkgnf"gokuukqp"fkurnc{u
*HGFu+0"Ceeqtfkpi"vq"Gngevtqpke"Dwukpguu."tgxgpwgu"htqo"hncv"rcpgn"fkurnc{"ucngu"cv"vjg"gpf"qh"3;;;
ygtg"guvkocvgf"cv"&33"dknnkqp0

Vjtqwijqwv"vjg"3;;2u."jkij"tguqnwvkqp"JFVX"ycu"octmgvgf"cu"vjg"pgzv"itgcv"cfxcpeg"kp"vgngxkukqp
vgejpqnqi{0"Dgecwug"kvu"uwrgtkqtkv{"ycu"qpn{"pqvkegcdng"kp"62/kpej"uetggpu."vjg"tguwnvkpi"kpetgcugu
kp"VX"vwdg"uk¦g"urgnngf"oqtg"vtqwdng"hqt"vjg"gngevtqp"ETV)u"hwvwtg0"Cu"vjg"tguqnwvkqp"qh"vgngxkukqp
uetggpu"kpetgcugf."vjg"dtkijvpguu"qh"vjg"vtcfkvkqpcn"ETV"hgnn."cpf"vjg"HRF"dgecog"pq"oqtg
gzrgpukxg"vjcp"c"eqorctcdn{"uk¦gf"ETV."dwv"ycu"97"rgtegpv"vjkppgt0"Kp"cffkvkqp."vjg"fkuvkpevkqp
dgvyggp"vjg"vgngxkukqp"vwdg"cpf"vjg"eqorwvgt"oqpkvqt"vjtgcvgpgf"vq"xcpkuj"cu"vgejpqnqikgu"nkmg
¥gpkvj)u"$PgvXkukqp$"cnnqygf"eqpuwogtu"vq"ycvej"VX"qt"uwth"vjg"Yqtnf"Ykfg"Ygd"htqo"vjg"ucog
uetggp0

Kpfwuvt{"ujkrogpvu"fgenkpgf"htqo"&50:4"dknnkqp"kp"3;;;"vq"&5078"dknnkqp"kp"4222."yjkng"vjg"equv"qh
ocvgtkcnu"kpetgcugf"htqo"&402:"dknnkqp"vq"&4043"dknnkqp0"Kpfwuvt{"gornq{ogpv"fgenkpgf"uvgcfkn{"vjtqwij
vjg"ncvg"3;;2u"cpf"4222."hcnnkpi"htqo"43.878"kp"3;;9"vq"38.3:9"kp"42220"Vjg"pwodgt"qh"rtqfwevkqp
yqtmgtu"qxgt"vjku"rgtkqf"ftqrrgf"htqo"38.996"vq"34.93:0

Vjg"gngevtqp"vwdg"kpfwuvt{"eqpvkpwgf"vq"fgenkpg"fwtkpi"vjg"gctn{"{gctu"qh"vjg"hktuv"fgecfg"qh"vjg
4222u"kp"tgurqpug"vq"vjg"geqpqoke"tgeguukqp."rtkeg"gtqukqp."cpf"ujkhvkpi"eqpuwogt"fgocpfu0
Ujkrogpv"xcnwgu"kp"4224"ygtg"&4067"dknnkqp."fqyp"46"rgtegpv"htqo"4223"cpf"58"rgtegpv"htqo"3;;:0
Vq"nkokv"nquugu."vjg"kpfwuvt{"tgfwegf"ecrkvcn"gzrgpfkvwtgu"97"rgtegpv"fwtkpi"4224."htqo"&384"oknnkqp
kp"4223"vq"lwuv"&6203"oknnkqp"kp"42240

D{"vjg"ncvg"4222u."vjg"hwvwtg"qh"ETVu"ycu"wpegtvckp0"Vjg"ucngu"qh"ETV/dcugf"eqorwvgt"oqpkvqtu
ygtg"unkrrkpi0"Kp"4225."W0U0"ucngu"qh"NEF"oqfgnu"qwvrcegf"ETVu"hqt"vjg"hktuv"vkog0"Eqpuwogt
fgocpf."hcnnkpi"rtkegu"qh"NEF"oqfgnu."cpf"eqorwvgt"rcemcikpi"fgcnu"urwttgf"vjg"kpetgcugf"NEF
ucngu0"Ceeqtfkpi"vq"tgugctej"hkto"kUwrrnk1Ucphqtf"Tguqwtegu."vjg"cxgtcig"ugnnkpi"rtkeg"qh"c"39/kpej
NEF"oqpkvqt"hgnn"htqo"&;37"kp"4223"vq"&493"kp"42270"Qp"vjg"qvjgt"jcpf."c"39/kpej"ETV"oqpkvqt"vjcv
equv"cp"cxgtcig"qh"&435"kp"4223"uqnf"hqt"crrtqzkocvgn{"&322"kp"42270"Tgurqpfkpi"vq"eqpuwogt
fgocpf."eqorwvgt"uwrrnkgtu"nkmg"Fgnn"qhhgtgf"ciitguukxg"rcemcikpi"fgcnu"vjcv"kpenwfgf"cp"NEF
oqpkvqt0

Kp"4226."inqdcn"ujkrogpvu"qh"NEF"oqpkvqtu"qxgtvqqm"ETVu"hqt"vjg"hktuv"vkog0"Ceeqtfkpi"vq"vjg"Lcrcp
Gngevtqpkeu"cpf"Kphqtocvkqp"Vgejpqnqi{"Kpfwuvtkgu"Cuuqekcvkqp."ucngu"qh"NEF"oqpkvqtu"itgy"58
rgtegpv"fwtkpi"4226."vq"89086"oknnkqp"wpkvu."yjkng"ETV"oqpkvqt"ucngu"hgnn"33"rgtegpv"vq"7;086"oknnkqp
wpkvu0"D{"vjg"ncvg"{gctu"qh"vjg"hktuv"fgecfg"qh"vjg"4222u."NEF"oqpkvqtu"enckogf"cu"owej"cu"97
rgtegpv"qh"vjg"octmgv0

Yjkng"NEF"oqpkvqtu"ctg"swkemn{"qwvrcekpi"ETV"oqpkvqtu."ETVu"eqpvkpwg"vq"jqnf"vjgkt"qyp"kp"vjg
vgngxkukqp"octmgv"cpf"ctg"gzrgevgf"vq"eqpvkpwg"vq"fq"uq"wpvkn"vjg"rtkeg"hqt"hncv"rcpgn"oqfgnu"hcnnu
dgnqy"&7220"Kp"vjg"gctn{"{gctu"qh"vjg"hktuv"fgecfg"qh"vjg"4222u."ETV/dcugf"vgngxkukqp"ugvu"ceeqwpvgf
hqt"pgctn{";:"rgtegpv"qh"cnn"ucngu."cpf"kp"4227"ETVu"eqpvkpwgf"vq"jqnf"crrtqzkocvgn{":7"rgtegpv"qh
vjg"octmgv0

Fgurkvg"vjg"eqpvkpwgf"uvtqpi"rgthqtocpeg"qh"ETVu"kp"vjg"vgngxkukqp"ugevqt."vjg"hwvwtg"uggou"vq"rqkpv
vqyctf"hncv"rcpgnu0"Kp"c"Fgegodgt"3."4225"ctvkeng"kp"Rqrwnct"Uekgpeg"gpvkvngf"$ETV."T0K0R0.$"cwvjqt
Octm"Cpfgtu"pqvgf."$ETVu"yknn"rtqdcdn{"dg"ctqwpf"hqt"cpqvjgt"fgecfg."dwv"gxgp"vqfc{"vjg"nctigt"c
VX"ku."vjg"nguu"nkmgn{"kv"ku"vq"dg"rqygtgf"d{"qpg0"Vwdgu"ctg"lwuv"vqq"dki"cpf"jgcx{0"0"0"0"Qh"eqwtug."vjg
ETV"yqp)v"dg"eqorngvgn{"uwrrncpvgf"wpvkn"uocnn/uecng"hncv"rcpgnu"*wpfgt"3;"kpejgu+"ecp"eqorgvg"qp
rtkeg0$"Jqygxgt."rtkegu"ygtg"eqokpi"fqyp"qp"hncv"rcpgnu"cu"ugvu"vjcv"qpeg"equv"&32.222"equv"&4.722
d{"vjg"okf/{gctu"qh"vjg"hktuv"fgecfg"qh"vjg"4222u"cpf"ftqrrgf"hwtvjgt"kp"vjg"fgecfg)u"ncvg"{gctu"vq
yjgtg"uqog"eqwnf"dg"rwtejcugf"hqt"nguu"vjcp"&3.2220

Pqpgvjgnguu."ETVu."yjkej"ecp"dg"rwtejcugf"kp"eqorctcdng"uk¦g"vq"hncv"rcpgnu"hqt"&522."eqpvkpwgf"vq
ngcf"kp"vjg"rtkeg"yctu"kp"vjg"gctn{"{gctu"qh"vjg"hktuv"fgecfg"qh"vjg"4222u0"Kp"cffkvkqp."ETV"ocmgtu
ygtg"pqv"tgcf{"vq"eqpegfg"vjg"octmgv"vq"NEFu0"Ugxgtcn"ocpwhcevwtgtu"ygtg"yqtmkpi"qp"pgy
vgejpqnqi{"vq"fgetgcug"vjg"uk¦g"cpf"ygkijv"qh"ETV"oqfgnu."cpf"ETV"hncv"rcpgn"vgejpqnqi{"cnuq"ku
dgkpi"cfxcpegf0

Ewttgpv"Eqpfkvkqpu
Ceeqtfkpi"vq"Cwuvkp/dcugf"octmgv"tgugctej"cpf"eqpuwnvkpi"hkto"Fkurnc{Ugctej."NEF"VX"ujkrogpvu
vqvcngf"327"oknnkqp"wpkvu"kp"422:."wr"55"rgtegpv"eqorctgf"vq"vjg"rtgxkqwu"{gct0"Oqtg"korqtvcpvn{.
vjku"octmgf"vjg"hktuv"vkog"NEF"VX"ucngu"uwtrcuugf"ETV"VX"ucngu0"Qpg"tgcuqp"fgocpf"hqt"NEF"VXu
ycu"qwvrcekpi"ETV"VXu"ycu"eqpuwogtu"ygtg"rtgrctkpi"hqt"vjg"wreqokpi"uykvej"htqo"cpcnqi"vq
fkikvcn"vgngxkukqp"uejgfwngf"hqt"Lwpg"422;."cv"yjkej"vkog"vgngxkukqp"dtqcfecuvkpi"ycu"iqkpi"fkikvcn0
Cpqvjgt"tgcuqp"hqt"vjg"rqrwnctkv{"qh"vjg"NEF"VX"ycu"vjcv"rtkegu"ygtg"hcnnkpi"42"vq"52"rgtegpv"qt"oqtg
cppwcnn{0"Kp"hcev."Vjg"Kphqtocvkqp"Pgvyqtm"rtqlgevgf"rcpgnu"hqt"NEF"VXu"yqwnf"itqy"4808"rgtegpv"kp
422;0"Inqdcn"ETV"VX"ujkrogpvu"ygtg"rtqlgevgf"vq"fgenkpg"vq"54"oknnkqp"wpkvu"cu"fgocpf"eqpvkpwgf
vq"hcfg"kp"42320

Kp"422;"inqdcn"ujkrogpvu"hqt"oqpkvqt"NEF"rcpgnu"ygtg"gzrgevgf"vq"fgenkpg"d{"39"rgtegpv"vq"3660;
oknnkqp"wpkvu."yjkng"rcpgnu"hqt"pqvgdqqmu"ygtg"rtqlgevgf"vq"kpetgcug"d{"4808"rgtegpv"vq"399"oknnkqp
wpkvu0"Ceeqtfkpi"vq"tgugctej"hkto"KFE."vjg"NEF"octmgv"eqoocpfgf"pgctn{";9"rgtegpv"qh"vjg"vqvcn"RE
oqpkvqt"octmgv"d{"vjg"ugeqpf"swctvgt"qh"4232."yjkej"nghv"cdqwv"vjtgg"rgtegpv"octmgv"ujctg"hqt"vjg
ETV"octmgv"ockpn{"kp"vjg"$nqygt"gfwecvkqp"ugiogpv.$"dwv"ycu"kpetgcukpin{"ngcpkpi"vqyctf"vjg"NEF
octmgv0"$Ykvj"lwuv"enqug"vq"5"rgtegpv"octmgv"ujctg."vjg"ETV"ku"cnoquv"fgcf.$"Xctwp"Ciictycn"pqvgf
kp"ETP."kp"Pqxgodgt"42320

C"tgrqtv"tgngcugf"d{"vjg"Eqpuwogt"Gngevtqpkeu"Cuuqekcvkqp"*EGC+"vkvngf"$Ocvgtkcnu"Hqqvrtkpv
Tgfwevkqp"qh"Vgngxkukqpu"cpf"Eqorwvgt"Oqpkvqtu<"4226/4232$"enckogf"vjcv"hncv"uetggp"VXu"ygtg"97
rgtegpv"uocnngt"cpf":4"rgtegpv"nkijvgt"vjcp"rtgegfkpi"ETV"VXu0"Cu"qh"4233."vjgtg"ygtg"oknnkqpu"qh
ETV"VXu"cpf"oqpkvqtu"kp"wug"inqdcnn{."yjkej"ogcpu"vjcv"qxgt"vjg"eqokpi"{gctu"vjg"oclqtkv{"qh
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Nkmg 2 Vy ggvVy ggv 2 2

Ykrq"Rwdnkujgu"Rcvgpv"qh"Vqujkdc"Gngevtqp"Vwdgu"("Fgxkegu."Mcdwujkmk
Mckujc"Vqujkdc."Jkfgtq"Cppq."Vqoqpctk"Kujkjctc."Vgvuw{c"[qpg¦cyc.
Jctwpqdw"Hwmwujkoc."Ejkjctw"Vcfqmqtq"cpf"Jkvqujk"Jcvvqtk"hqt"$Eqqncpv
Fgxkeg."Z/Tc{"Eqorwvgt"Vqoqitcrj{"Fgxkeg"cpf"Z/Tc{"Eqorwvgt
Vqoqitcrj{"Fgxkeg"Ockpvgpcpeg"Ogvjqf$"*Lcrcpgug"Kpxgpvqtu+"
WU"Hgf"Pgyu"Ugtxkeg."Kpenwfkpi"WU"Uvcvg"Pgyu="Hgdtwct{"3:."4235="654
yqtfu"000TC["EQORWVGT"VQOQITCRJ["FGXKEG."CPF"Z/TC["EQORWVGT
VQOQITCRJ["FGXKEG"OCKPVGPCPEG"OGVJQF0$Crrnkecpvu<"Vqujkdc
Gngevtqp"Vwdgu"("Fgxkegu"Eq0"Nvf0"*LR+."MCDWUJKMK"MCKUJC"VQUJKDC"*LR+.
Jkfgtq"Cppq"*LR+."Vqoqpctk"Kujkjctc"*LR+."Vgvuw{c000

WU"Rcvgpv"Kuuwgf"vq"Mcdwujkmk"Mckujc"Vqujkdc."Vqujkdc"Gngevtqp"Vwdgu"(
Fgxkegu"qp"Hgd0"7"hqt"$Tcfkcvkqp"Fgvgevkqp"Crrctcvwu"cpf"Tcfkqitcrjke
Crrctcvwu$ "*Lcrcpgug"Kpxgpvqtu+"
WU"Hgf"Pgyu"Ugtxkeg."Kpenwfkpi"WU"Uvcvg"Pgyu="Hgdtwct{";."4235="6:7
yqtfu"000Uvcvgu"Rcvgpv"pq0":.588.53;."kuuwgf"qp"Hgd0"7."ycu"cuukipgf"vq
Mcdwujkmk"Mckujc"Vqujkdc"*Vqm{q+"cpf"Vqujkdc"Gngevtqp"Vwdgu"("Fgxkegu"Eq0
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kpvgtcevkpi"ykvj"vjg"kpfwevcpeg"qh"vjg"qwvrwv"vtcpuhqtogt0

Ugg"cnuq<"Fkuvqtvkqp"*iwkvct+"cpf"Iwkvct "ghhgevu

Cwfkdng"fkhhgt gpegu
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jctoqpkeu0];_]32_]33_"Cu"vwdgu"ctg"qhvgp"twp"ukping/gpfgf."cpf"ugokeqpfwevqt"cornkhkgtu"ctg"qhvgp"rwuj/rwnn."vjg
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http://en.wikipedia.org/wiki/Tube_sound#cite_note-16
http://en.wikipedia.org/wiki/Electronic_amplifier#Input_and_output_variables
http://en.wikipedia.org/wiki/Tube_sound#cite_note-17
http://en.wikipedia.org/wiki/Tube_sound#cite_note-18
http://en.wikipedia.org/wiki/Tube_sound#cite_note-19
http://en.wikipedia.org/wiki/Guitar_amplifier
http://en.wikipedia.org/wiki/High_fidelity
http://en.wikipedia.org/wiki/Harmonics
http://en.wikipedia.org/wiki/Tube_sound#Intentional_distortion
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Nctig"coqwpvu"qh"pgicvkxg"hggfdcem"ctg"pqv"cxckncdng"kp"vwdg"ektewkvu."fwg"vq"rjcug"ujkhv"kp"vjg"qwvrwv"vtcpuhqtogt.
cpf"ncem"qh"uwhhkekgpv"ickp"ykvjqwv"nctig"pwodgtu"qh"vwdgu0"Ykvj"nqygt"hggfdcem."fkuvqtvkqp"ku"jkijgt"cpf
rtgfqokpcpvn{"qh"nqy"qtfgt0"Vjg"qpugv"qh"enkrrkpi"ku"itcfwcn0"Nctig"coqwpvu"qh"hggfdcem."cnnqygf"d{
vtcpuhqtogtnguu"ektewkvu"ykvj"ocp{"cevkxg"fgxkegu."ngcfu"vq"pwogtkecnn{"nqygt"fkuvqtvkqp"dwv"ykvj"oqtg"jkij
jctoqpkeu."cpf"jctfgt"enkrrkpiÏcu"kprwv"kpetgcugu."vjg"hggfdcem"wugu"vjg"gzvtc"ickp"vq"gpuwtg"vjcv"vjg"qwvrwv
hqnnqyu"kv"ceewtcvgn{"wpvkn"vjg"cornkhkgt"jcu"pq"oqtg"ickp"vq"ikxg"cpf"vjg"qwvrwv"ucvwtcvgu0

Kp"vjg"tgeqtfkpi"kpfwuvt{"cpf"gurgekcnn{"ykvj"oketqrjqpg"cornkhkgtu"kv"jcu"dggp"ujqyp"vjcv"cornkhkgtu"ctg"qhvgp
qxgtnqcfgf"d{"ukipcn"vtcpukgpvu0"Vjgtg"ku"c"oclqt"fkhhgtgpeg"kp"vjg"jctoqpke"fkuvqtvkqp"eqorqpgpvu"qh"vjg"cornkhkgf
ukipcn."ykvj"vwdgu."vtcpukuvqtu."cpf"qrgtcvkqpcn"cornkhkgtu"ugrctcvkpi"kpvq"fkuvkpev"itqwru0]42_]43_

Dcpfykfvj

Gctn{"vwdg"cornkhkgtu"qhvgp"jcf"nkokvgf"tgurqpug"dcpfykfvj."kp"rctv"fwg"vq"vjg"ejctcevgtkuvkeu"qh"vjg"kpgzrgpukxg
rcuukxg"eqorqpgpvu"vjgp"cxckncdng0"Kp"rqygt"cornkhkgtu"oquv"nkokvcvkqpu"eqog"htqo"vjg"qwvrwv"vtcpuhqtogt="nqy
htgswgpekgu"ctg"nkokvgf"d{"rtkoct{"kpfwevcpeg"cpf"jkij"htgswgpekgu"d{"ngcmcig"kpfwevcpeg"cpf"ecrcekvcpeg0"Cpqvjgt
nkokvcvkqp"ku"kp"vjg"eqodkpcvkqp"qh"jkij"qwvrwv"korgfcpeg."fgeqwrnkpi"ecrcekvqt"cpf"itkf"tgukuvqt."yjkej"cevu"cu"c
jkij/rcuu"hknvgt0"Kh"kpvgteqppgevkqpu"ctg"ocfg"htqo"nqpi"ecdngu"*hqt"gzcorng"iwkvct"vq"cor"kprwv+."c"jkij"uqwteg
korgfcpeg"ykvj"jkij"ecdng"ecrcekvcpeg"yknn"cev"cu"c"nqy/rcuu"hknvgt0

Oqfgtp"rtgokwo"eqorqpgpvu"ocmg"kv"gcu{"vq"rtqfweg"cornkhkgtu"vjcv"ctg"guugpvkcnn{"hncv"qxgt"vjg"cwfkq"dcpf."ykvj
nguu"vjcp"5"fD"cvvgpwcvkqp"cv"8"J¦"cpf"92"mJ¦."ygnn"qwvukfg"vjg"cwfkdng"tcpig0

Pgicvkxg"hggfdcem

Vwdg"cornkhkgtu"eqwnf"pqv"wug"cu"owej"pgicvkxg"hggfdcem"*PHD+"cu"vtcpukuvqt"cornkhkgtu"fwg"vq"vjg"nctig"rjcug
ujkhvu"ecwugf"d{"vjg"qwvrwv"vtcpuhqtogtu"cpf"vjgkt"nqygt"uvcig"ickpu0"Yjkng"vjg"cdugpeg"qh"PHD"itgcvn{"kpetgcugu
jctoqpke"fkuvqtvkqp."kv"cxqkfu"kpuvcdknkv{."cu"ygnn"cu"ungy"tcvg"cpf"dcpfykfvj"nkokvcvkqpu"korqugf"d{"fqokpcpv/rqng
eqorgpucvkqp"kp"vtcpukuvqt"cornkhkgtu0"Ukpeg"vtcpukgpv"kpvgtoqfwncvkqp"fkuvqtvkqp"ycu"ockpn{"ecwugf"d{"pgicvkxg
hggfdcem.]44_]45_"vwdg"uqwpf"pgxgt"uwhhgtgf"owej"qh"vjcv"mkpf"qh"fkuvqtvkqp0

Rqygt"uwrrnkgu

Gctn{"vwdg"cornkhkgtu"wuwcnn{"jcf"wptgiwncvgf"rqygt"uwrrnkgu0"Vjku"ycu"fwg"vq"vjg"jkij"equv"qh"c"tgiwncvkpi"gngogpv.
cpf"vjg"tgncvkxg"kpugpukvkxkv{"qh"vjg"rqygt"qwvrwv"uvcig"vq"xqnvcig"xctkcvkqpu0"Vjg"v{rkecn"cpqfg"uwrrn{"ycu"c
tgevkhkgt."rgtjcru"jcnh/ycxg."c"ejqmg"*kpfwevqt+"cpf"c"hknvgt"ecrcekvqt0"Yjgp"vjg"vwdg"cornkhkgt"ycu"qrgtcvgf"cv"jkij
xqnwog."vjg"rqygt"uwrrn{"xqnvcig"yqwnf"fkr"cu"vjg"cornkhkgt"ftcyu"oqtg"ewttgpv"*cuuwokpi"encuu"CD+."tgfwekpi
rqygt"qwvrwv"cpf"ecwukpi"ukipcn"oqfwncvkqp0"Vjku"fkrrkpi"ghhgev"ku"mpqyp"cu"$uci$."yjkej"oc{"dg"fguktcdng"ghhgev
hqt"uqog"gngevtke"iwkvctkuvu"yjgp"eqorctgf"ykvj"jctf"enkrrkpi0"Cu"vjg"cornkhkgt"nqcf"qt"qwvrwv"kpetgcugu"vjku"xqnvcig
ftqr"yknn"kpetgcug"fkuvqtvkqp"qh"vjg"qwvrwv"ukipcn0"Uqogvkogu"vjku"uci"ghhgev"ku"fguktcdng"hqt"iwkvct"cornkhkecvkqp0

Uqog"kpuvtwogpv"vwdg"cornkhkgt"fgukipu"wug"c"xcewwo"vwdg"tgevkhkgt"kpuvgcf"qh"uknkeqp"fkqfgu0"C"uqnkf"uvcvg"tgevkhkgt
cttcpigogpv"eqwnf"kpvtqfweg"cwfkdng"pqkug"*uykvejkpi"pqkug+"kpvq"vjg"cornkhkgt."dwv"qpn{"kh"rqqtn{"korngogpvgf."vjku
oc{"dg"cwfkdng"cu"c"dw¦¦kpi"uqwpf"cv"v{rkecnn{"vykeg"ockpu"uwrrn{"htgswgpe{0]46_"Vjg"xqnvcig"uci"qh"c"vwdg"tgevkhkgt
ecp"dg"gowncvgf"ykvj"uknkeqp"tgevkhkgtu."d{"cffkpi"c"tgukuvcpeg"kp"ugtkgu"ykvj"vjg"jkij"xqnvcig"uwrrn{0"Vjku"tgukuvcpeg
ecp"dg"uykvejgf"kp"yjgp"tgswktgf0

PUBLIC

http://en.wikipedia.org/wiki/Tube_sound#cite_note-20
http://en.wikipedia.org/wiki/Tube_sound#cite_note-21
http://en.wikipedia.org/wiki/Bandwidth_(signal_processing)
http://en.wikipedia.org/wiki/Passivity_(engineering)
http://en.wikipedia.org/wiki/High-pass_filter
http://en.wikipedia.org/wiki/Low-pass_filter
http://en.wikipedia.org/wiki/Negative_feedback
http://en.wikipedia.org/wiki/Slew_rate
http://en.wikipedia.org/wiki/Tube_sound#cite_note-22
http://en.wikipedia.org/wiki/Tube_sound#cite_note-23
http://en.wikipedia.org/wiki/Anode
http://en.wikipedia.org/wiki/Rectifier
http://en.wikipedia.org/wiki/Inductor
http://en.wikipedia.org/wiki/Rectifier#Rectifier_output_smoothing
http://en.wikipedia.org/wiki/Voltage_drop
http://en.wikipedia.org/wiki/Rectifier
http://en.wikipedia.org/wiki/Rectifier
http://en.wikipedia.org/wiki/Tube_sound#cite_note-24
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Dncemjgctv"7"Y"ukping/gpfgf"encuu"C"iwkvct
cornkhkgt"ejcuuku."ykvj"cffkvkqpcn"I¥56
xcnxg"tgevkhkgt"kpuvcnngf0

Gngevtke"iwkvct"cornkhkgtu"qhvgp"wug"c"encuu"CD3"cornkhkgt0"Kp"c"encuu"C"uvcig"vjg"cxgtcig"ewttgpv"ftcyp"htqo"vjg
uwrrn{"ku"eqpuvcpv"ykvj"ukipcn"ngxgn."eqpugswgpvn{"kv"fqgu"pqv"ecwug"uwrrn{"nkpg"uci"wpvkn"vjg"enkrrkpi"rqkpv"ku"tgcejgf0
Qvjgt"cwfkdng"ghhgevu"fwg"vq"wukpi"c"vwdg"tgevkhkgt"ykvj"vjku"cornkhkgt"encuu"ctg"wpnkmgn{0

Qpg"rquukdng"rtcevkecn"cfxcpvcig"qh"vwdg"tgevkhkecvkqp"ku"vjcv"vjg"tgevkhkgt"vwdg"vcmgu"uqog"vkog"vq"ycto"wr"dghqtg"kv
dgikpu"vq"eqpfwev0"Vjku"yknn"cnnqy"c"nkvvng"vkog"hqt"vjg"qwvrwv"vwdg"jgcvgtu"vq"ycto"wr"uqogyjcv"cpf"cnnqy"vjgo"vq
uvctv"eqpfwevkpi"dghqtg"vjg"jkij"xqnvcig"*JV+"tgcejgu"hwnn"rqvgpvkcn
cnnqykpi"c"uqhv"uvctv."rquukdn{"gzvgpfkpi"vjgkt"nkhgurcp0"Uqog"uc{"vjcv
kh"vjg"hwnn"jkij"xqnvcig"uwrrn{"*JV+"ku"rtgugpv"fwtkpi"vjg"ycto"wr
rtqeguu."qp"qwvrwv"vwdgu."ecvjqfg"fcocigf"oc{"tguwnv0

Uqog"jkij"gpf"ocpwhcevwtgtu."uwej"cu"Ygndqtpg"Ncdu"kp"vjgkt
rtgokwo"mkvu."wug"uknkeqp"fkqfgu"qp"vjg"dcuku"vjcv"vjg"equv"cpf
rqygt"tgswktgf"vq"qrgtcvg"c"xcewwo"vwdg"tgevkhkgt"fqgu"pqv"{kgnf
cp{"ogcuwtcdng"kortqxgogpv"kp"vjg"uqwpf0

Encuu"C

Vjg"dgpghkv"qh"cnn"Encuu"C"cornkhkgtu"ku"vjg"cdugpeg"qh"etquuqxgt
fkuvqtvkqp0"Vjku"etquuqxgt"fkuvqtvkqp"ycu"hqwpf"gurgekcnn{"cppq{kpi
chvgt"vjg"hktuv"uknkeqp/vtcpukuvqt"Encuu"D"cpf"Encuu"CD"vtcpukuvqt"cornkhkgtu"cttkxgf"qp"vjg"eqpuwogt"octmgv="gctnkgt
igtocpkwo/dcugf"fgukipu"ykvj"vjg"owej"nqygt"vwtp/qp"xqnvcig"qh"vjku"vgejpqnqi{"cpf"vjg"pqp/nkpgct"tgurqpug
ewtxgu"qh"vjg"fgxkegu"jcf"pqv"ujqyp"nctig"coqwpvu"qh"etquu/qxgt"fkuvqtvkqp0"Cnvjqwij"etquuqxgt"fkuvqtvkqp"ku"xgt{
hcvkiwkpi"vq"vjg"gct"cpf"rgtegrvkdng"kp"nkuvgpkpi"vguvu."kv"ku"cnuq"cnoquv"kpxkukdng"*wpvkn"nqqmgf"hqt+"kp"vjg"vtcfkvkqpcn"Vqvcn
jctoqpke"fkuvqtvkqp"*VJF+"ogcuwtgogpvu"qh"vjcv"grqej0]47_

Rwuj/rwnn"cornkhkgtu

C"Encuu"C"rwuj/rwnn"cornkhkgt"rtqfwegu"nqy"fkuvqtvkqp"hqt"cp{"ikxgp"ngxgn"qh"crrnkgf"hggfdcem."cpf"cnuq"ecpegnu"vjg
hnwz"kp"vjg"vtcpuhqtogt"eqtgu."uq"vjku"vqrqnqi{"ku"qhvgp"uggp"d{"JKHK/cwfkq"gpvjwukcuvu"cpf"fq/kv/{qwtugnh"dwknfgtu"cu
vjg"wnvkocvg"gpikpggtkpi"crrtqcej"vq"vjg"vwdg"Jk/hk"cornkhkgt"hqt"wug"ykvj"pqtocn"urgcmgtu0"Qwvrwv"rqygt"qh"cu"jkij
cu"37"ycvvu"ecp"dg"cejkgxgf"gxgp"ykvj"encuuke"vwdgu"uwej"cu"vjg"4C5]48_"qt"3:"ycvvu"htqo"vjg"v{rg"670"Encuuke
rgpvqfgu"uwej"cu"vjg"GN56"cpf"MV::"ecp"qwvrwv"cu"owej"cu"82"cpf"322"ycvvu"tgurgevkxgn{0"Urgekcn"v{rgu"uwej"cu
vjg"X3727"ecp"dg"wugf"kp"fgukipu"tcvgf"cv"wr"vq"3322"ycvvu0"Ugg"$Cp"Crrtqcej"vq"Cwfkq"Htgswgpe{"Cornkhkgt
Fgukip$."c"eqnngevkqp"qh"tghgtgpeg"fgukipu"qtkikpcnn{"rwdnkujgf"d{"I0G0E0

Ukping/Gpfgf"Vtkqfg"*UGV+"cornkhkgtu

UGV"cornkhkgtu"v{rkecnn{"ujqy"rqqt"ogcuwtgogpvu"hqt"fkuvqtvkqp"ykvj"c"tgukuvkxg"nqcf."jcxg"nqy"qwvrwv"rqygt."ctg
kpghhkekgpv."jcxg"rqqt"fcorkpi"hcevqtu"cpf"jkij"ogcuwtgf"jctoqpke"fkuvqtvkqp0"Dwv"vjg{"rgthqto"uqogyjcv"dgvvgt"kp
f{pcoke"cpf"korwnug"tgurqpug0

Vjg"vtkqfg."fgurkvg"dgkpi"vjg"qnfguv"ukipcn"cornkhkecvkqp"fgxkeg."cnuq"ecp"*fgrgpfkpi"qp"vjg"fgxkeg"kp"swguvkqp+"jcxg
c"oqtg"nkpgct"pq/hggfdcem"vtcpuhgt"ejctcevgtkuvke"vjcp"oqtg"cfxcpegf"fgxkegu"uwej"cu"dgco"vgvtqfgu"cpf"rgpvqfgu0

Cwfkqrjkngu"yjq"rtghgt"UGV/cornkhkgtu"uvcvg"vjcv"ogcuwtgf"uqwpf"rgthqtocpeg"ku"c"rqqt"kpfkecvqt"qh"tgcn"yqtnf
uqwpf"rgthqtocpeg"cpf"fkuvqtvkqp"ngxgn"ku"pqv"vjg"qpn{"etkvgtkqp"hqt"iqqf"uqwpf"tgrtqfwevkqp0"Vjgtg"ctg
ogcuwtgogpvu"pqv"wukpi"tgukuvkxg"nqcf"dwv"cevwcn"nqwfurgcmgtu"vq"dcem"vjku"wr0"Kp"vjg"3;92u."fgukipgtu"uvctvgf

PUBLIC

http://en.wikipedia.org/wiki/File:Blackheart_Single_ended_Class_AAmp_chassis_with_the_GZ34_rectifier_valve_installed.jpg
http://en.wikipedia.org/wiki/Rectifier
http://en.wikipedia.org/wiki/Rectifier
http://en.wikipedia.org/wiki/Class_A_amplifier#Class_A
http://en.wikipedia.org/wiki/Crossover_distortion
http://en.wikipedia.org/wiki/Electronic_amplifier#Class_B_and_AB
http://en.wikipedia.org/wiki/Total_harmonic_distortion
http://en.wikipedia.org/wiki/Tube_sound#cite_note-25
http://en.wikipedia.org/wiki/Push%E2%80%93pull_output
http://en.wikipedia.org/wiki/Feedback
http://en.wikipedia.org/wiki/Flux
http://en.wikipedia.org/wiki/Transformer
http://en.wikipedia.org/wiki/High_fidelity
http://en.wikipedia.org/wiki/Loudspeaker
http://en.wikipedia.org/wiki/2A3
http://en.wikipedia.org/wiki/Tube_sound#cite_note-26
http://en.wikipedia.org/wiki/Damping_factor
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rtqfwekpi"vtcpukuvqt"coru"ykvj"jkijgt"qrgp"nqqr"ickp"vq"uwrrqtv"c"itgcvgt"xcnwg"qh"pgicvkxg"hggfdcem0"Kp"vjg
hqnnqykpi"{gctu."cornkhkgtu"ygtg"dwknv"ykvj"oqfguv"ickp"dwv"iqqf"qrgp"nqqr"nkpgctkv{."fgrnq{gf"ykvj"qpn{"okpkocn
ngxgnu"qh"PHD0

Cnn"cornkhkgtu"fkuvqtv."uq"fq"UGVu0"Vjku"hqt"vjg"oquv"rctv"jctoqpke"fkuvqtvkqp"ku"c"fkuvqtvkqp"ykvj"c"wpkswg"rcvvgtp"qh
ukorng"cpf"oqpqvqpkecnn{"fgec{kpi"ugtkgu"qh"jctoqpkeu."fqokpcvgf"d{"oqfguv"ngxgnu"qh"ugeqpf"jctoqpke0"Vjg"tguwnv
ku"nkmg"cffkpi"vjg"ucog"vqpg"qpg"qevcxg"jkijgt0"Vjg"cffgf"jctoqpke"vqpg"ku"nqygt."cv"cdqwv"3Î7'"qt"nguu"kp"c"pq
hggfdcem"cor"cv"hwnn"rqygt"cpf"tcrkfn{"fgetgcukpi"cv"nqygt"ngxgnu0"Kv"jcu"dggp"cnuq"enckogf"vjcv"c"ukping/gpfgf
rqygt"cornkhkgt)u"ugeqpf"jctoqpke"fkuvqtvkqp"eqwnf"tgfweg"ukoknct"jctoqpke"fkuvqtvkqp"kp"c"ukping"ftkxgt
nqwfurgcmgt."kh"vjgkt"jctoqpke"fkuvqtvkqpu"ygtg"gswcn"cpf"cornkhkgt"ycu"eqppgevgf"vq"vjg"urgcmgt"uq"vjcv"vjg
fkuvqtvkqpu"yqwnf"pgwvtcnk¦g"gcej"qvjgt0]49_]4:_

UGVu"wuwcnn{"qpn{"rtqfweg"cdqwv"4"ycvv"*Y+"hqt"c"4C5"vwdg"cor"vq":"Y"hqt"c"522D"wr"vq"vjg"rtcevkecn"oczkowo
qh"62"Y"hqt"c":27"vwdg"cor0"Vjg"tguwnvkpi"uqwpf"rtguuwtg"ngxgn"fgrgpfu"qp"vjg"ugpukvkxkv{"qh"vjg"nqwfurgcmgt"cpf
vjg"uk¦g"cpf"ceqwuvkeu"qh"vjg"tqqo"cu"ygnn"cu"cornkhkgt"rqygt"qwvrwv0"Vjgkt"nqy"rqygt"cnuq"ocmgu"vjgo"kfgcn"hqt
wug"cu"rtgcoru0"UGV"coru"jcxg"c"rqygt"eqpuworvkqp"qh"c"okpkowo"qh":"vkogu"vjg"uvcvgf"uvgtgq"rqygt0"Hqt
gzcorng"c"32"Y"uvgtgq"UGV"wugu"c"okpkowo"qh":2"Y."cpf"v{rkecnn{"322"Y0

Ukping/gpfgf"rgpvqfg"cpf"vgvtqfg"cornkhkgtu

Vjg"urgekcn"hgcvwtg"coqpi"vgvtqfgu"cpf"rgpvqfgu"ku"vjg"rquukdknkv{"vq"qdvckp"wnvtc/nkpgct"qt"fkuvtkdwvgf"nqcf"qrgtcvkqp
ykvj"cp"crrtqrtkcvg"qwvrwv"vtcpuhqtogt0"Wnvtc/nkpgct"eqppgevkqp"ku"c"pgicvkxg"hggfdcem"ogvjqf."gpcdnkpi"nguu
jctoqpke"fkuvqtvkqp0

Encuu"CD

Vjg"oclqtkv{"qh"oqfgtp"eqoogtekcn"Jk/hk"cornkhkgt"fgukipu"jcxg"wpvkn"tgegpvn{"wugf"Encuu"CD"vqrqnqi{"*ykvj"oqtg
qt"nguu"rwtg"nqy/ngxgn"Encuu"C"ecrcdknkv{"fgrgpfkpi"qp"vjg"uvcpfkpi"dkcu"ewttgpv"wugf+."kp"qtfgt"vq"fgnkxgt"itgcvgt
rqygt"cpf"ghhkekgpe{."v{rkecnn{"34Î47"ycvvu"cpf"jkijgt0"Oqfgtp"fgukipu"pqtocnn{"kpenwfg"cv"ngcuv"uqog"pgicvkxg
hggfdcem."cnvjqwij"kp"vjg"qnf"vkogu"qh"Jkij"hkfgnkv{"wug"qh"hggfdcem"ycu"vqvcnn{"qwv"qh"swguvkqp0"Kv"ujqwnf"jqygxgt
dg"pqvgf"vjcv"Encuu"F"vqrqnqi{"*yjkej"ku"xcuvn{"oqtg"ghhkekgpv"vjcp"Encuu"D."cpf"jcu"ictpgtgf"uqog"tgurgev"htqo
cwfkqrjkngu+"ku"oqtg"cpf"oqtg"htgswgpvn{"crrnkgf"yjgtg"vtcfkvkqpcn"fgukip"yqwnf"wug"Encuu"CD0

Encuu"CD"rwuj/rwnn"vqrqnqi{"ku"pgctn{"wpkxgtucnn{"wugf"kp"vwdg"coru"hqt"gngevtke"iwkvct"crrnkecvkqpu"vjcv"rtqfweg
rqygt"qh"oqtg"vjcp"cdqwv"32"ycvvu0"Yjgtgcu"cwfkqrjkng"coru"ctg"rtkoctkn{"eqpegtpgf"ykvj"cxqkfkpi"fkuvqtvkqp."c
iwkvct"cor"godtcegu"kv0"Yjgp"ftkxgp"vq"vjgkt"tgurgevkxg"nkokvu."vwdgu"cpf"vtcpukuvqtu"fkuvqtv"swkvg"fkhhgtgpvn{0"Vwdgu
enkr"oqtg"uqhvn{"vjcp"vtcpukuvqtu."cnnqykpi"jkijgt"ngxgnu"qh"fkuvqtvkqp"*yjkej"ku"uqogvkogu"fguktgf"d{"vjg"iwkvctkuv+
yjknuv"uvknn"dgkpi"cdng"vq"fkuvkpiwkuj"vjg"jctoqpkgu"qh"c"ejqtf0"Vjku"ku"dgecwug"vjg"uqhv"rtqhkng"qh"vjg"vwdg"cornkhkgt)u
fkuvqtvkqp"ogcpu"vjcv"vjg"kpvgtoqfwncvkqp"rtqfwevu"qh"vjg"fkuvqtvkqp"ctg"igpgtcnn{"oqtg"enqugn{"tgncvgf"vq"vjg
jctoqpkgu"qh"vjg"ejqtf0"Cnn"ukfgu"qh"vjg"swguvkqp"ctg"kpenkpgf"vq"citgg"cdqwv"xcnxg"iwkvct"cornkhkgtu"qhhgtkpi"c"xgt{
wughwn"uqwpf."vjqwij"vjgtg"ctg"cnuq"uqog"ygnn/tgurgevgf"uqnkf/uvcvg"fgukipu0

Kpvgpvkqpcn"fkuvqt vkqp

Vwdg"uqwpf"htqo"vtcpukuvqt"cornkhkgtu
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Fktgevn{"jgcvgf"vtkqfgu0

Uqog"kpfkxkfwcn"ejctcevgtkuvkeu"qh"vjg"vwdg"uqwpf."uwej"cu"vjg"ycxgujcrkpi"qp"qxgtftkxg."ctg"uvtckijvhqtyctf"vq
rtqfweg"kp"c"vtcpukuvqt"ektewkv"qt"fkikvcn"hknvgt0"Hqt"oqtg"eqorngvg"ukowncvkqpu."gpikpggtu"jcxg"dggp"uweeguuhwn"kp
fgxgnqrkpi"vtcpukuvqt"cornkhkgtu"vjcv"rtqfweg"c"uqwpf"swcnkv{"xgt{"ukoknct"vq"vjg"vwdg"uqwpf0"Wuwcnn{"vjku"kpxqnxgu
wukpi"c"ektewkv"vqrqnqi{"ukoknct"vq"vjcv"wugf"kp"vwdg"cornkhkgtu0

Kp"3;:4."Vqo"Uejqn¦."c"itcfwcvg"qh"OKV"cpf"c"ogodgt"qh"Dquvqp."kpvtqfwegf"vjg"Tqemocp."yjkej"wugf"dkrqnct
vtcpukuvqtu."dwv"cejkgxgf"c"fkuvqtvgf"uqwpf"cfqrvgf"d{"ocp{"ygnn"mpqyp"owukekcpu0"Cfxcpegf"fkikvcn"ukipcn
rtqeguukpi"qhhgtu"vjg"rquukdknkv{"vq"ukowncvg"vwdg"uqwpf0"Eqorwvgt"cniqtkvjou"ctg"ewttgpvn{"cxckncdng"vjcv"vtcpuhqto
fkikvcn"uqwpf"htqo"c"EF"qt"qvjgt"fkikvcn"uqwteg"kpvq"c"fkuvqtvgf"fkikvcn"uqwpf"ukipcn0

Wukpi"oqfgtp"rcuukxg"eqorqpgpvu."cpf"oqfgtp"uqwtegu."yjgvjgt"fkikvcn"qt"cpcnqiwg."cpf"ykfg"dcpf"nqwfurgcmgtu.
kv"ku"rquukdng"vq"jcxg"vwdg"cornkhkgtu"ykvj"vjg"ejctcevgtkuvke"ykfg"dcpfykfvj"cpf"$hcuv$"uqwpf"qh"oqfgtp"vtcpukuvqt
cornkhkgtu."kpenwfkpi"wukpi"rwuj/rwnn"ektewkvu."encuu"CD."cpf"hggfdcem0"Uqog"gpvjwukcuvu"jcxg"dwknv"cornkhkgtu"wukpi
vtcpukuvqtu"cpf"OQUHGVu"vjcv"qrgtcvg"kp"encuu"C."kpenwfkpi"ukping"gpfgf."cpf"vjgug"qhvgp"jcxg"vjg"$vwdg"uqwpf$0]4;_

J{dtkf"cornkhkgtu

Vwdgu"ctg"qhvgp"wugf"vq"korctv"ejctcevgtkuvkeu"vjcv"ocp{"rgqrng"hkpf"cwfkdn{"rngcucpv"vq"uqnkf"uvcvg"cornkhkgtu."uwej
cu"Owukecn"Hkfgnkv{)u"wug"qh"Pwxkuvqtu."vkp{"vtkqfg"vwdgu."vq"eqpvtqn"nctig"dk/rqnct"vtcpukuvqtu"kp"vjgkt"PwXkuvc"522
rqygt"cor0"Kp"Cogtkec."Oqueqfg"cpf"Uvwfkq"Gngevtke"wug"vjku"ogvjqf."dwv"wug"OQUHGV"vtcpukuvqtu"hqt"rqygt.
tcvjgt"vjcp"dk/rqnct0"Rcvjqu."cp"Kvcnkcp"eqorcp{."jcu"fgxgnqrgf"cp"gpvktg"nkpg"qh"j{dtkf"cornkhkgtu0

Vq"fgoqpuvtcvg"qpg"curgev"qh"vjku"ghhgev."qpg"oc{"wug"c"nkijv"dwnd"kp"vjg"hggfdcem"nqqr"qh"cp"kphkpkvg"ickp"ownvkrng
hggfdcem"*KIOH+"ektewkv0"Vjg"unqy"tgurqpug"qh"vjg"nkijv"dwnd)u"tgukuvcpeg"*yjkej"xctkgu"ceeqtfkpi"vq"vgorgtcvwtg+
ecp"vjwu"dg"wugf"vq"oqfgtcvg"vjg"uqwpf"cpf"cvvckp"c"vwdg/nkmg"$uqhv"nkokvkpi$"qh"vjg"qwvrwv."vjqwij"qvjgt"curgevu"qh
vjg"$vwdg"uqwpf$"yqwnf"pqv"dg"fwrnkecvgf"kp"vjku"gzgtekug0

Vwdg"uqwpf"gpvjwukcuvu

Fkhhgtgpv"wugu"qh"vwdg"cornkhkgtu"ecp"dg"hqwpf"fwg"vq"vjg"fkhhgtgpv
rgtuqpcn"rtghgtgpegu"qh"vjg"gpvjwukcuvu0"Htqo"vjqug"yjq"qrv"vq"tguvtkev
vjgkt"wug"cu"cevkxg"fgxkegu"vq"vjqug"yjq"qrv"vq"kpenwfg"vjgo"kp"vjg"cwfkq
ektewkv."ceegrvkpi"vjg"wug"qh"ugokeqpfwevqt"ickp"fgxkegu"kp"vjg"rqygt
uwrrn{"qt"cu"eqpuvcpv"ewttgpv"uqwtegu0"Qvjgtu."uvknn."yknn"wug"vwdgu"hqt"vjg
ockp"cornkhkecvkqp"ektewkv"dwv"cff"ugokeqpfwevqtu"*uwej"cu"uqnkf/uvcvg
fkqfgu+"hqt"enkrrkpi"rwtrqugu."rctvkewnctn{"kp"vjg"rtgcor"ugevkqp."yjkej"ku
qhvgp"fgdcvgf"kp"cfxgtvkugf"xkpvcig"kpuvtwogpv"cornkhkgtu"uwej"cu"vjg
Octujcnn"LEO;22"qt"vjg"Xkpvcig"Oqfgtp"cu"vq"vjgkt"kpvgitkv{"fwg"vq"vjgkt
wvknk¦cvkqp"qh"uqnkf/uvcvg"fgxkegu"kp"vjg"vqpg/igpgtcvkqp"ektewkv0"Qvjgt
uejkuou"eqpegtp"vjg"wug"qh"vtkqfgu"xu0"vgvtqfgu"cpf"rgpvqfgu."cpf"vjg"wug
qh"fktgevn{"jgcvgf"vwdgu"xu0"kpfktgevn{"jgcvgf"vwdgu0

Ocp{"qh"vjg"gzrncpcvkqpu"tgncvg"vq"vjg"ektewkv"vqrqnqikgu"rkqpggtgf"wukpi"vwdgu."cpf"vtcfkvkqpcnn{"cuuqekcvgf"ykvj
vjgo"gxgt"ukpeg."tgictfnguu"qh"yjgvjgt"vjg{"ctg"dwknv"wukpi"vwdgu"vqfc{."pqvcdn{"vjg"fktgevn{"jgcvgf"ukping/gpfgf
vtkqfg"cornkhkgt"ektewkv."yjkej"qrgtcvgu"kp"encuu"C"cpf"qhvgp"jcu"pq"gzvgtpcn"pgicvkxg"hggfdcem="vjku"vqrqnqi{"ku"c
encuuke"uqwteg"qh"vjg"vwdg"uqwpf0

PUBLIC
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Hggfdcem"rcvju"eqwrngf"vjtqwij"vjg"ugeqpfct{"qh"vjg"qwvrwv"vtcpuhqtogt"tgfweg"fkuvqtvkqp"dgecwug"vjg{
eqorgpucvg"hqt"vjg"vtcpuhqtogt)u"fkuvqtvkqp"vq"uqog"gzvgpv0"Jqygxgt"qpn{"nkokvgf"PHD"ecp"dg"wugf"ctqwpf"vjg
vtcpuhqtogt."cu"vjgtg"ku"rjcug"nci"ecwugf"d{"vjg"vtcpuhqtogt."cpf"vjku"ecwugu"kpuvcdknkv{"kh"PHD"ku"kpeqttgevn{"*ykvjqwv
cp{"rjcug"1"htgswgpe{"eqttgevkqp+"wugf0

Ugg"cnuq

Cwfkq"u{uvgo"ogcuwtgogpvu
Dtkvkuj"Xcnxg"Cuuqekcvkqp
Gwtqrgcp"vtkqfg"hguvkxcn
Xktvwcn"Xcnxg"Cornkhkgt

Pqvgu

30" ` "xcp"fgt"Xggp."O0"*4227+0"$Wpkxgtucn"u{uvgo"cpf"qwvrwv"vtcpuhqtogt"hqt"xcnxg"cornkhkgtu$
*jvvr<11yyy0ogppqxcpfgtxggp0pn1pn1fqypnqcf1fqypnqcfa50rfh+0"33:vj"CGU"Eqpxgpvkqp."Dctegnqpc. "Urckp0
jvvr<11yyy0ogppqxcpfgtxggp0pn1pn1fqypnqcf1fqypnqcfa50rfh0

40" ` "Dtcpej."Lqjp"F0"*4229/27/45+0"$Rquvoqfgtp"Eqpuworvkqp"cpf"vjg"Jkij/Hkfgnkv{"Cwfkq"Oketqewnvwtg$0"Kp"Twuugnn
Dgnm."Twuugnn"Dgnm"Lt0."Lqjp"Ujgtt{"*gfu0+0"Eqpuwogt"Ewnvwtg"Vjgqt{."Xqnwog"33"*Tgugctej"kp"Eqpuwogt"Dgjcxkqt+
*3"gf0+0"LCK"Rtguu0"rr0"9;Î;;0"KUDP"2/9845/3668/Z0

50" ` "Vjg"Pqku{"Cwfkqrjkng0"$)Pqku{)"qp"Vwdgu"xu0"Uqnkf"Uvcvg$"*jvvr<11yyy0uqwpfuvcig0eqo1pqku{260jvo+"kp
UqwpfUvcig#."Octej"3;;80

60" ` "Hqt"gzcorng."Tqdgtv"Ycnugt"Twppkpi"ykvj"vjg"Fgxkn<"rqygt."igpfgt."cpf"ocfpguu"kp"jgcx{"ogvcn"owuke.
Ygung{cp"Wpkxgtukv{"Rtguu."3;;5"KUDP"2/:3;7/8482/4"rcigu"65/66"fkuewuugu"vjg"$vwdg"uqwpf$"uqwijv"d{"Gffkg
Xcp"Jcngp

70" ` "Ujqtvgt."F0"G0"N0"*Crtkn"3;72+0"$Vjg"Kphnwgpeg"qh"Jkij/Qtfgt"Rtqfwevu"kp"Pqp/Nkpgct"Fkuvqtvkqp$0"Gngevtqpke
Gpikpggtkpi"*Nqpfqp."WM+"44"*488+<"374Î3750"$Vjcv"jkij/qtfgt"jctoqpkeu"ctg"oqtg"qhhgpukxg"vjcp"nqy"jcu"nqpi
dggp"tgeqipkugf000$

80" ` "Igffgu."Gctn"T0="Ngg."Nkfkc"Y0"*Qevqdgt"4225+0"$Cwfkvqt{"Rgtegrvkqp"qh"Pqpnkpgct"Fkuvqtvkqp$
*jvvr<11jgrjcguvwucwfkq0eqo1ogfkc1422:1331fkuvqtvkqpacguakk0rfh+"*RFH+0"CGU"337vj"Eqpxgpvkqp0"CGU"337vj
Eqpxgpvkqp"*jvvr<11yyy0cgu0qti1gxgpvu13371+0"Pgy"[qtm."Pgy"[qtm<"Cwfkq"Gpikpggtkpi"Uqekgv{0
jvvr<11jgrjcguvwucwfkq0eqo1ogfkc1422:1331fkuvqtvkqpacguakk0rfh0

90" ` "Jqyctf."Mgkvj"*Ugrvgodgt"4227+0"$Ygkijvkpi"wr$"*jvvr<11yyy0igfngg0eqo1fqypnqcfu1VJFa0rfh+"*RFH+0"Ownvk
Ogfkc"Ocpwhcevwtgt"*Rgvgtdqtqwij."Pgy"Jcorujktg<"Cwfkq"Cocvgwt+<"9Î330

:0" ` "C"Hktuv"Eqwtug"kp"Gngevtqpkeu."ri"636/6380"Cpyct"C0"Mjcp"cpf"Mcpejcp"M0"Fg{
;0" ` "Cum"vjg"Fqevqtu<"Vwdg"xu0"Uqnkf/Uvcvg"Jctoqpkeu

*jvvr<11yyy0wcwfkq0eqo1ygd¦kpg142271qevqdgt1eqpvgpv1eqpvgpv40jvon+ÏWpkxgtucn"Cwfkq"Ygd¦kpg
320" ` "Xqnwog"etcpmgf"wr"kp"cor"fgdcvg"*jvvr<11yyy0vtwgcwfkq0eqo1cvaggvlno0jvo+ÏGngevtqpke"Gpikpggtkpi"Vkogu
330" ` "Y0"Dwuug{"cpf"T0"Jckingt"*3;:3+0"$Vwdgu"xgtuwu"vtcpukuvqtu"kp"gngevtke"iwkvct"cornkhkgtu$

*jvvr<11okndgtv0eqo1ctvkengu1vwdguaxuavtcpukuvqtuakpagngevtkeaiwkvctacoru+0"KGGG"Kpvgtpcvkqpcn"Eqphgtgpeg"qp
Ceqwuvkeu."Urggej."cpf"Ukipcn"Rtqeguukpi0"rr0"Xqnwog"8"r0":22Î:250
jvvr<11okndgtv0eqo1ctvkengu1vwdguaxuavtcpukuvqtuakpagngevtkeaiwkvctacoru0

340" ` "Ogwudwtigt."Ycnvgt"*Qevqdgt"3;;;+0"$6"Etquuqxgt"Fkuvqtvkqp"kp"Encuu"D$
*jvvr<11yyy0oqgjtgpdwfg0fg1Oqgjtg1kocigu41fqypnqcf1PqaEtquuqxgtcoraY0Ogwudgtigt0rfh+"*RFH+0"C"Pqxgn
Rqygt"Cornkhkgt"Vqrqnqi{"Ykvjqwv"Etquuqxgt"Fkuvqtvkqp"*F0Vgej0"vjguku+0"Itc¦."Cwuvtkc<"Itc¦"Wpkxgtukv{"qh
Vgejpqnqi{0"r0"490"Tgvtkgxgf"4233/25/3:0"$Etquuqxgt"fkuvqtvkqp"igpgtcvgu"wprngcucpv"jkij"qtfgt"jctoqpkeu"ykvj
vjg"rqvgpvkcn"vq"kpetgcug"kp"rgtegpvcig"cu"ukipcn"ngxgn"hcnnu"cpf"ku"owej"oqtg"qdlgevkqpcdng"vq"vjg"nkuvgpgt"vjcp
fkuvqtvkqp"tguwnvkpi"htqo"c"uoqqvjn{"ewtxgf"ejctcevgtkuvke."gxgp"kh"vjg{"jcxg"vjg"ucog"VJF0"Vjgtghqtg"kv"ku
fguktcdng"vq"tgfweg"etquuqxgt"fkuvqtvkqp"vq"c"okpkowo"coqwpv0$

350" ` "$Vjtgg/xcnxg"Uvgtgqrjqpke"Cornkhkgt$0"Ownnctf"Vwdg"Ektewkvu"hqt"Cwfkq"Cornkhkgtu"*4pf"gf0+0"Rgvgtdqtqwij.
PUBLIC
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Pgy"Jcorujktg<"Cwfkq"Cocvgwt"Rtguu0"3;7;0"r0"3450"KUDP"3/::47:2/25/80
360" ` "Uqp{"Eqtrqtcvkqp"3;;;0"Uqp{"eqorcev"fkue"rnc{gt"EFR/ZD;52"Qrgtcvkpi"Kpuvtwevkqpu0"*3+0"Urgekhkecvkqpu.

r0420
370" ` "EFR/ZD;521ZD;52G"ugtxkeg"ocpwcn "*jvvr<11yyy0st¦0tw1uejgogu1tgfktgev0rjvonAkf?36449+"*RFH+0"Lcrcp<

Uqp{"Eqtrqtcvkqp0"3;;;0"r0"30
380" ` "Tqvgn"uvgtgq"kpvgitcvgf"cornkhkgt"TC/;57DZ"qypgtu"ocpwcn0"OP32224;97/C0"r06
390" ` "Oknnu."Rcwn"I0"N0="Jcymuhqtf."O0"Q0"L0"*Octej"3;:;+0"$Fkuvqtvkqp"Tgfwevkqp"kp"Oqxkpi/Eqkn"Nqwfurgcmgt

U{uvgou"Wukpi"Ewttgpv/Ftkxg"Vgejpqnqi{$0"Lqwtpcn"qh"Cwfkq"Gpikpggtkpi"Uqekgv{"*Wpkxgtukv{"qh"Guugz."Ykxgpjqg
Rctm."Eqnejguvgt."Guugz."EQ6"5US."WM+"59"*5+<"34;Î36:0

3:0" ` "Ogtkn“kpgp."Guc"*Hgdtwct{"4232+0"$709"Vjg"Ugetgv"qh"Vwdg"Cornkhkgtu$0"Ewttgpv/Ftkxkpi"qh"Nqwfurgcmgtu0
Etgcvgurceg0"rr0"333Î3340"KUDP"3/6727/6622/40"$Vjg"oquv"ukipkhkecpv"fkhhgtgpegu"ctg."jqygxgt."hqwpf"kp"vjg
qwvrwv"korgfcpeg0"Vjg"qwvrwv"korgfcpeg"qh"vtcpukuvqt"cornkhkgtu"ku"v{rkecnn{"nguu"vjcp"203"っ."yjkej"fgpqvgu"rwtg
xqnvcig"hggf"hqt"vjg"urgcmgt0"Kp"vwdg"cornkhkgtu."kpuvgcf."vjg"qwvrwv"korgfcpeg"xctkgu"tcvjgt"ykfgn{="htqo"vgpvju"qh
cp"qjo"vq"gxgp"oqtg"vjcp"hkxg"qjou"*ykvj":"っ"nqcfkpi+0"C"uqwteg"korgfcpeg"qh"gxgp"c"eqwrng"qh"qjou"ku"cdng"vq
ygcmgp"vjg"urgcmgt)u"GOH"ewttgpvu"uq"vjcv"vjg"ghhgevu"ctg"qdugtxcdng="cpf"cu"vjg"xcnwg"gzeggfu"7"っ."vjg"urgcmgt
oc{"hwpevkqp"cv"uqog"htgswgpekgu"gxgp"jcnhn{"ewttgpv/ftkxgp0$

3;0" ` "$Vjg"Ecigf"Htqi"//"C"Rgpvqfg"Dcugf"Vtcpueqpfwevcpeg"Cornkhkgt"hqt"Jgcfrjqpgu$
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